Introduction: In Tanzania, the follow-up on antiretroviral therapy (ART) response is based on clinical outcomes. We investigated virological response and ARV resistance mutations in relation to clinical response in ARV-treated patients. Methodology: A cross-sectional study of a cohort of 150 patients taking first-line ART in Dar-es-Salaam was conducted. Data were collected using standardized questionnaires and patients' blood samples. HIV viral load testing and genotyping was performed on all viremic samples. Statistical analyses compared clinical responders and non-responders. Results: The median time on ART was 20 months; 71 (47%) patients were ART clinical responders. Clinical non-responders were more likely to have started ART with advanced disease with significantly lower median percentage weight gain (6% versus 20%) with respect to pre-treatment levels. Sixty-one (86%) and 64 (81%) of clinical responders and non-responders, respectively, had undetectable viral loads. Genotyping was successful in 24 (96%) virologically failing patients, among whom 83% had resistance mutations; 67% had dual nucleoside reverse transcriptase inhibitor (NRTI)/non-NRTI (NNRTI) resistance mutations. Seventeen (71%) and 19 (79%) patients had NRTI and NNRTI resistance mutations, respectively, which were related to the ART in use, with no difference between clinical responders and nonresponders. The most prevalent subtypes were A and C, found in 9 (38%) and 7 (29%) patients, respectively. Conclusions: The observed virological response was high and did not correlate with clinical response. The prevalence of ARV resistance mutations was high in viraemic patients and was related to the ARV prescribed. We recommend use of viral load monitoring during ART in Tanzania.
Introduction
Tanzania, which in 2012 was estimated to have a population of 45 million, is among the countries highly affected by HIV with a mature, generalized epidemic [1] . The estimated HIV prevalence in 2012 was 5%, and is slightly higher among females (6%) than males (4%) [2] . Since 2003, there has been rapid scale-up of antiretroviral treatment (ART) for HIV infection in resource-limited countries, which has been identified as an international health care priority [3] . ART aims at restoring host immune responses, thus decreasing the risk of morbidity and mortality.
The public health approach to scaling up ART in resource-limited settings involves the use of standardized and simplified treatment regimens that are consistent with international standards and appropriate to local circumstances [4] . The emergence of some HIV drug resistance (HIVDR) is inevitable in populations taking ART, even if appropriate ART regimens are provided and optimal adherence to therapy is supported [3] .
The use of ARVs to prolong lives of people living with HIV and AIDS (PLWHA) and to prevent motherto-child transmission of HIV is now firmly established in Tanzania. The country adopted a care and treatment program for PLWHA in 2003, with the goal of providing ARVs to 400,000 HIV-infected patients by the end of 2008 [4] ; by 2010, nearly half of Tanzanians in need of treatment were receiving it [5] . The national policy is to provide ARV to individuals with CD4 counts < 350 cells/µL. The first-line ARV regimen is a combination of zidovudine, stavudine, lamivudine, nevirapine, and efavirenz. In case of drug intolerance or clinical failure, a second-line regimen is provided, containing a combination of protease inhibitors (PIs) [4] .
In order to monitor ART response in Tanzania, the National AIDS Control Programme (NACP) adopted World Health Organization (WHO) guidelines as clinical and immunological criteria for monitoring ARV response, due to limited means and expertise for expensive virological follow-up [4] . The positive impact of ART in Tanzania has been remarkable, yet the patient monitoring system is exclusively dependent on clinical and immunological methods, which may not accurately detect virological failures early enough [5] . This has raised concerns with regard to the associated risk of antiretroviral drug resistance development, especially with the finding of 9% nucleoside reverse transcriptase inhibitor (NRTI) and/or non-nucleoside reverse transcriptase inhibitor (NNRTI) resistance mutations in a population of ARV-naive newly diagnosed youth (between 13 and 25 years of age) in Tanzania [6] .
We decided to investigate the factors that predict ART clinical response and associate them with virological responses in patients taking ART. We also determined the prevalence of ARV drug resistance mutations in the same cohort of patients.
Methodology

Study population
Eligibility of patients for ART was as recommended by the Tanzania HIV/AIDS care and treatment guidelines [4] . After ART initiation, patients were seen by the clinician every month for clinical assessment and ARV refill. For immunological monitoring, testing for the level of CD4 cells count was done every six months. There was no routine virological monitoring at the time of data collection. The inclusion criteria for this study was being on firstline treatment for at least six months and at most three years, and being over 18 years of age. All patients who met these inclusion criteria were interviewed for consent between August and October 2007. The Epi Info StatCalc for unmatched case-control study was used to estimate the sample size of the two studied populations, clinical responders and clinical nonresponders, powered at 80%. The prevalence of ARV resistance in clinical responders that was used in this calculation was 57.40% [7] . The sample size obtained included a total of 144 patients (72 clinical responders and 72 non-clinical responders).
Study design
A cross-sectional study in a cohort of patients taking ARV in Dar-es-Salaam was conducted. The clinical stage of HIV disease for each patient was determined according to WHO guidelines [8] ; patients were grouped into stage I, II, III, or IV accordingly. Clinical failure was defined by clinicians as either new, recurrent (after being resolved), or persistent stage III or stage IV conditions at six months or later after the start of treatment based on the Tanzanian Ministry of Health and Social Welfare guidelines [4] . Since there were more clinical responders than nonresponders, in order to obtain a balanced number from each group, two randomly selected ART clinical nonresponders were interviewed every day, and after every selected clinical non-responder, the third-next HIV infected patient who was clinically responding well to ART was also selected. In this way, a maximum of four patients were enrolled daily for three months.
Ethical clearance to conduct this study was obtained from the National Institute for Medical Research in Tanzania. All patients were enrolled after they had provided their informed consent. All patients' information was removed from the obtained data.
Data collection
Tools for data collection included standardized questionnaires, patients' records, and patients' blood samples. The variables collected included social and demographic information at study entry, and clinical progression from HIV diagnosis to the start of treatment. Descriptive analysis was done for the basic demographic and clinical characteristics of patients as well as continuous variables such as age. Patients' records were consulted to determine the percentage of patients who kept all of their appointments in the previous six months.
Defining ART compliance based on consistency of keeping appointments
Clinic attendance for each patient was reviewed for the previous six months based on the given clinic appointment days for ARV refills. Compliance based on consistency of keeping appointments was based on 100% for each patient visiting the clinic for their refills on the scheduled appointment dates for the entire six months [9] .
Laboratory testing
Blood for HIV-1 RNA levels testing and genotyping was collected in EDTA tubes from all patients and stored at -20°C before being shipped to South Africa for viral load testing and DNA sequencing under cold chain.
HIV-1 RNA levels in plasma were detected by nucleic acid amplification polymerase chain reaction (PCR) technology using the Amplicor HIV-1 Monitor Test (Roche Diagnostics, Mannheim Germany) [10] with a detection limit of 400 copies/mL.
For genotyping, extraction of viral ribonucleic acid (RNA) was performed using a Total Nucleic Acid Isolation Kit (Roche Diagnostics, Mannheim Germany) on automated Magna Pure LC. RNA was reverse-transcribed using the Thermoscript RT-PCR system (Invitrogen, Carlsbad, USA) in the presence of a gene-specific primer. A nested PCR was performed with Long Template PCR Kit (Roche Diagnostics, Mannheim Germany) to generate a 1.7 Kb fragment spanning the pol gene. PCR products were sequenced using Big Dye Terminator (Applied Biosystems, Foster City, USA) on a 3100 ABI genetic analyzer (Applied Biosystems, Foster City, USA) [11] .
Sequence analysis
Sequences were manually edited using Sequencher version 4.5 (Gencode, Los Angeles, USA) and further aligned using Bioedit (Biosciences, Carlsbad, USA). Subtyping was done using REGA subtyping tool version 2 [12] .
Resistance interpretation and genotypic susceptibility scores (GSSs)
Resistance interpretation was done according to the HIVdb V5.1.2 [13] or REGA HIV-1 automated subtyping tool 8.01 criteria. For HIVdb V5.1.2, the drug-specific GSS for each ARV was calculated; the assigned drug-specific GSS was 1.0 for ARV (to which HIV was predicted to be fully susceptible) and 0 for ARV (to which HIV was predicted to be fully resistant), and 0.5 for intermediate resistance. For the Rega algorithm, GSS was scored as indicated by the algorithm; the main difference with HIVdb was that a fully active boosted PI was given a higher weight (GSS = 1.5) than a fully active unboosted PI (GSS = 1.0).
Statistical analysis
Epi Info version 3.3.2 and Microsoft Excel were used for general data analysis. Clinical progression was assessed by comparing clinical characteristics at hospital registration, baseline, and at the time of the study, taking into account the change in clinical characteristics over time. Median percentage weight gain was adjusted for amount of time on treatment. ART clinical non-responders were compared to ART clinical responders, and the association was checked with virological failure. The Yates-corrected Chisquared test analysis and the Wilcoxon two-sample test were used to compare responders with nonresponders for categorical and continuous variables, respectively, at 95% CI and p < 0.05.
Results
Demographics, clinical and virological characteristics of patients
Among the 150 recruited HIV-infected patients, 71 patients (47%) clinically responded after a median of 16.5 months (range, 12.5-34.0) of first-line treatment. Seventy-nine patients (53%) did not clinically respond after a median of 21.0 months (range, 14.5-34.5) of first-line treatment. There was no statistical difference in the average time receiving treatment for both groups (p = 0.3). Sixty-one of the 71 clinical responders and 64 of the 79 clinical non-responders had an undetectable viral load. The majority were females (65%), most were single (54%), and 88 (59%) had attained primary school education only (first seven years of schooling).
There were no significant demographic differences between the responders and non-responders with respect to appointment adherence, gender (overall, 64% were women), marital status (overall, 46% were married), education level (overall, 20% had attained post-primary education), and age (40 years was the overall average age). Sixty-three patients had 100% appointment compliance, with no significant differences between clinical non-responders and responders (Table 1) .
Clinically, there was no difference between the responders and non-responders with regard to type of ARV used, treatment used against opportunistic infections (mainly fluconazole and cotrimoxazole in Tanzania), plasma viral load among those detectable (3.0 Log10 plasma HIV-1 RNA on average), mean BMI after one year of treatment (24.8 on average), median CD4 at hospital registration and during ART initiation, period of illness from diagnosis to ART initiation, and period of ART (Table 1) . ART clinical responders had a significantly higher weight gain (6% in non-responders versus 20% in responders) and higher CD4 count gain with respect to pre-treatment levels (median CD4 count of 376 cells/µL for the non-responders versus 392 cells/µL for the responders) (Table 1) . However, the percentage with undetectable viral load was high in both groups (83% on average) and was not significantly different between non-responders and responders. Patients with detectable viral load received treatment for an average 25 months (±9.3 months), while those with undetectable viral load received treatment for 21 months (±9.6 months).
HIV-1 drug resistance mutations and subtypes
Among the 25 patients who were viremic (having viral load > 400 copies/mL), genotyping was successful on 24, of whom 9 were clinical responders and 15 were clinical non-responders. One of the samples from an ART clinical responder could not be successfully sequenced.
None of the drug resistance parameters were significantly different in clinical non-responders as compared to clinical responders (Table 2) . Eightythree percent of the genotyped samples had resistance mutations (excluding minor PI resistance mutations) and 67% had dual NRTI/NNRTI resistance mutations. Only four clinical non-responders had no resistance mutations. There were no major PI mutations, though eight (33%) samples had minor PI mutations (L10I or L10V), consistent with the distribution of these polymorphisms in the wild type subtypes found and thus consistent with the absence of PI drug selective pressure. There were 17 (71%) patients with NRTIassociated mutations and 19 (79%) had NNRTIassociated mutations, both with no significant difference between ART clinical non-responders and responders. With respect to individual mutations, the difference among ART clinical non-responders and responders could not be assessed statistically due to the low number of sequenced samples. M184V/I was the most common NRTI mutation, found in 18 (75%) samples, while 9 (38%) samples had thymidine analogue mutations (TAMs). The most common TAMs were of the TAM-2 pathway (67N/70R/215F/219EQ), and one (11%) patient had TAM-1 pathway mutations (41L/210W/215Y) ( Table  2) . G190A/S, K103N, and Y181C were the predominant mutations observed, found in nine (38%), eight (25%), and five (21%) samples, respectively, among NNRTIs. Mutations detected were related to the ARV therapy in use; more were observed for lamivudine (M184V/I), stavudine (M41L, D67N, K60R, L210W, T215F/Y, K219Q/E), and nevirapine (K103N/S/T, Y181C, G190A, V106A). The genotypic susceptibility score was not significantly different between clinical responders and non-responders ( Table 2) .
The most prevalent subtypes were A (n = 9; 38%) and C (n = 7; 29%), followed by subtype D (n = 4; 17%), URF_AC (n = 1; 4%), URF_CA (n = 1; 4%), CRF10_CD (n = 1; 4%), and CRF02_AG (n = 1; 4%) (Figure 1 ). L10I and L10V, known as minor PI drug resistance mutations, were found among subtypes A, D, and CRF02_AG. However, due to the low number of viremic patients per subtype, subtype-specific differences on specific ARV resistance mutations could not be assessed.
Discussion
We conducted this study to investigate the association between a number of variables with clinical response to first-line ART because clinical response -not virological response -is the evaluation criterion used in low-resource countries such as Tanzania. Our patients were selected from those who were on first-line ART for at least six months and at most three years, up to a study size of 150. The mean percentage weight gain, median CD4 count after starting treatment, and median CD4 cell increase were lower among our ART clinical non-responders compared to responders, a result to be expected since weight gain is related to the clinical definition of failing treatment, and declining CD4 cell count causes disease progression. It is thus obvious that patients failing ART clinically have poorer weight gain and slower CD4 increase, as has already been reported [14] .
Despite the fact that only 71 patients (47%) met the definition of good clinical response, only 15 (19%) were viremic (> 400 copies/mL). A similar discordance was also observed in a study in Uganda [15] . Since decisions for change of therapy are based on the clinical progression of the patients, 64 of our patients with undetectable viremia would be eligible for changing therapy, while 10 viremic patients would have been considered to do well on their therapy. The majority of the patients had started therapy at WHO clinical stage II, which could explain the high virological success rate. This indicates effective treatment regimens and early access to care and treatment [14] . These findings are similar to a study in Uganda, which found that more than 70% of the patients remained in care for more than one year of ART [16] .
Importantly, our study demonstrated that initiation of therapy in later stages of the disease was associated with more clinical treatment failure, though this was not related to virological failure. It is indeed known that patients who start ART with low CD4 counts have slow recoveries [16] , even though in a minority of patients with advanced disease and low CD4 counts when therapy is initiated, clinical improvement may be observed in the absence of CD4 improvement [17] . Making therapy decisions based on clinical response, especially among those starting treatment at advanced disease stages, may result in unnecessary treatment changes. It seems unrealistic to expect no clinical progression in these late-stage patients after only six months of treatment.
Other major goals of this study were to evaluate ARV resistance mutations among the virologically failing patients, to assess the association with the clinical definition of ART failure and with the different first-line treatment regimens available in Tanzania, and to evaluate the prospects of these patients for second-line treatment response. All the viremic samples were sequenced in the pol region with a success rate of 96% (24 of 25). Not counting minor protease inhibitor mutations, the prevalence of drug resistance was high, as almost all patients with detectable viral load (except four clinical nonresponders) had resistance mutations all related to the ART regimen received. The occurrence of multi-NRTI resistance mutations and dual resistance to NRTIs and NNRTIs in 67% of the virologically failing patients is especially worrying. Such a profile may compromise the second-line treatment, which consists of dual NRTIs and a PI [4] . The NRTI mutations found -a high number of TAMs (high level resistance to stavudine and zidovudine) and a high prevalence of M184V (high level resistance to lamivudine) -are typical for the first-line regimen in Tanzania, which consists of mainly stavudine, nevirapine, efavirenz, zidovudine, and lamivudine [18] . Among the NNRTIassociated mutations, G190A was the most prevalent, consistent with the use of nevirapine in first-line treatment. This calls for a more careful consideration of the use of nevirapine as a single dose for prevention of mother-to-child transmission.
Consistent with our previous report, the most prevalent subtypes were A and C, followed by D and recombinants [6] . We could not thoroughly assess the association between therapy response and resistance pattern because of our small sample size and the different HIV-1 subtypes, but we found no contradiction to current observations that subtype does not influence therapy response [19] . However, our data may contribute to larger studies on this topic.
We estimated therapy adherence based on the consistency of clinic attendance, due to the fact that this is the only time that the patients can get ARV refills. Thus, we assumed that if a patient misses clinic, he or she will run out of medication. In the absence of virological follow-up parameters, it may be of paramount importance to carefully monitor adherence. We anticipate that such information could be more predictive of virological failure, and it might be more feasible to combine adherence parameters with clinical failure in resource-limited settings where virological monitoring remains rare. In Tanzania, Muhimbili Hospital started to provide ART earlier than many other centers. It has been demonstrated that virological failure, both in terms of insufficient suppression of viral load, and in terms of drug resistance, precedes CD4 cell decline, which ultimately leads to clinical progression and death [20] . To follow up patients using clinical parameters, thus, means that any therapy change will be delayed compared to following up using virological parameters. In our study, some of the patients who responded to therapy using clinical parameters only were already failing virologically. Other reports have suggested similar findings in resource-poor settings [20] . Similar to our study findings, these reports show that clinical criteria are poor predictors for virological outcome. However, to our surprise, there were many patients defined to have clinical failure who were actually not virologically failing.
Observing equally high drug resistance levels in both clinically failing and responding patients is alarming. Thus, virological testing is important and might even be cost effective in resource-limited settings, if one wants to avoid drug failure for the individual patient and ARV resistance virus transmission at the population level. Similar findings were observed in Ethiopia where clinicoimmunological assessments were found to have lower performance in diagnosing virological failures [21] .
Limitations of the study
Our study was designed to balance the number of clinical responders and clinical non-responders, and thus we cannot expand on the predictors for virological failure. Our estimates are only valid for patients retained in follow-up, and may therefore not be representative of all patients on first-line ART in Tanzania. Also, our results were based on a limited number of samples and may not be representative of all patients using ART in Tanzania.
Conclusions
In our study population of 150 patients in ART follow-up for six months to three years in Dar-esSalaam, Tanzania, we found that the criteria for defining clinical failure of ART did not reflect the actual virological failure. While half of our patients failed clinically, few patients had a detectable viral load, and in them, the prevalence of ARV drug resistance was high and was related to the ARV drugs prescribed. We recommend the use of viral load monitoring to patients on ARVs and the use of ARV resistance testing, preferentially before but especially during treatment for patients experiencing viral load failure. Monitoring the emergence of drug-resistant HIV in populations starting and using ARV therapy would be a useful approach for planning effective treatment programs in Tanzania.
